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PART I I

TURBULENT MIXING OF THREE

CONCENTRIC REACTING JETS

By Beverly J. Audeh

Heat Technology Laboratory, Inc.

SUMMARY

i ¸

ii_iiiil

The results of a computer program based on a modified

P - function solution to the multiple-stream-turbulent-mixing

problem are presented in graphical form. Though a computational

problem persists in the determination of the absolute magnitude

of the temperature, the plots of the normalized properties

indicate that the trends of the mixin_ and combustion processes

are properly defined. Recommendations to solve the computa-

tional problem in the temperature evaluation and to improve

the program are outlined. It is concluded with the addition

of a recommended subroutine the program would provide a method

of describing mixing of equilibrium gases with greater speed

than the available programs involving non-equilibrium cal-

culations.

Complete listings of the two-stream-mixing program and

the three-stream-mixing program are presented. The input

format is illustrated by sample input sheets, for both two and

three stream calculations.
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INTRODUCTION

A digital computer program has been constructed to

evaluate the mixing and combustion characteristics of a

rocket exhaust jet with turbine Eases exhaustinK peripher-

ally about the nozzle exit and with a surrounding external

air stream. This study is a continuation of work reported

in Part I (Ref. I) of this report. Part I describes the

analytical model and the equations used in the program.

Computer runs were made for cases approximating the after-

burning of H-I engine flows at low altitudes. The output

is in the form of velocity, temperature, and species mass

fractions plotted as functions of position. The results

of the three-stream-mixing analysis are presented.

LIST OF SYMBOLS

C o

l

H

h

h !

r

T

U

x,

Mass fraction of the i th sDecies

Total enthalpy, cal/K

Static enthalpy (intermediate value defined by Eq.

(9), Ref. i), cal/g

Static enthalpy (defined by Eq. (I0), Ref. i) cal/g

Radius, cm

Temperature, °K

Velocity in the x direction, cm/sec

Distance in axial direction, cm
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Z ¢/¢
e

Transformation variable in axial direction (defined

by Eq. (16), Ref. i)

0 Density, _/cm 3

@ Dimensionless stream function defined bv Eq. (4), Ref. 1

Dummy integration variable in the P-function integration

Subscripts:

e Indicates external conditions

j Indicates rocket exhaust exit conditions

_F D_ference values

te Indicates turbine exhaust exit conditions

S_uperscri t_:

Dimensionless quantity

DISCUSSION

e

The solution of the flow equations for the velocity

and energy values at a position in a transformed mathematical

plane was obtained from the P function representation of the

mixing process. With these physical conditions sDecified,

the thermodynamic properties were then determined. All

chemical processes were represented by one-step reactions.

An atom balance was used with molecular composition deter-

mined to comply with the equilibrium restraint. Transforma-

tions were used to position these results in the physical

plane.
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Program Input. - The program constructs and solves

the equations defining the mixing and combustion according

to the numerical (key) instructions placed in the input. A

prior knowledge of the possible reaction products is required.

A lower limit upon the mass fractions considered is used as

an input variable to allow flexibilitv in the compromise

between accuracy desired and required run time.

The P function solution for the three-stream-mixing

cases is modified using a table look-up of the modification

factor. The following equation

j_

/

i̧_̧i_i

k

Modification

Factor

_ Value at Point _ _ / Value in the
of Consideration] kExternal Stream]

=

Rocket Exhaust )Value
_ /External Stream

k Value

was used to determine this factor from the results of the two

separate two-stream mixinE cases. The modification factor

is evaluated for each elemental composition, the enthalpy

and the speed. With these modification terms in the calcu-

lation procedure, it is possible to represent arbitrary

additions of energy and chemical composition such as that

of the turbine exhaust. The modified P function solution

is still a similar type solution with a Gaussian decay but

the initial profiles may be of arbitrary shape.

Because of the equilibrium restriction the program is

highly dependent upon the input thermodynamic data. Equili-

brium constants were input directly from Ref. 2 in tabular
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form. Thermodynamic constants from Ref. 3 were input in

array format for use in evaluating the static enthalpy in

the mixture of gases present.

Program Internal Structure. - The P-function solution

was modified by a factor obtained by normalizing the condi-

tions present at the sub-initial plane. In the three-stream-

mixing problem, the normalized conditions at the sub-initial

plane replace the initial values used previously in the two-

_._ _v_ _=_ T o ..... _A_ _^- _ _ition of drbitrarv

chemical species and energy levels, each of the properties

and elements are calculated separately usin_ the approDriate

modification factor determined by the normalization procedure.

A table look-up of the modification factor with provisions

for linear interpolation of values is used. This method of

storing and retrieving the modification terms was found to

be faster and more accurate than a polynomial representation

of the modifying factor in the P-function.

The thermodynamic condition of the equilibrium mixture

is determined by constructing a matrix of equations involvin_

the unknown mass fractions, density, and temperature. The

equations are a combination of algebraic and transcendental

equations. A Newton-Raphson iteration technique is applied

to evaluate the unknowns. Logarithmic corrections for the

gaseous constituents, as shown in Ref. 4, are used to accel-

erate the convergence of the equilibrium composition calculations.

The atom balance is maintained by use of a numerical
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code for each molecule within the system. In the code each

atomic species is assigned a particular numerical designa-

tion.

Separate subroutines are provided for the transformation

of the results from the mathematical plane to the physical

plane. The transformation to the axial and the radial position

.locations are independent subroutines so that the uses may

easily alter the form of either of the transformations.

i i̧

! _i_

ii!iill¸

Computational ProBlems. - Some computational problems

persist in the program. Iteration is carried out upon the

static enthalpy of the mixture to determine the correct temp-

erature. This involves the calculation of the partial enthalpy

for each species from the calculated values of temperature

and the mass fractions. To limit computer run time the

number of iterations necessary to determine the density and

mass fractions must be kept low. This was accomplished by

adjusting the tolerance on the mass fraction calculation.

Investigation of several cases shows that the mass fractions

of some species, though present only in trace amounts, in-

fluenced the calculated enthalpy value of the mixture because

of their large heat of formation values. The temperature of

the mixture is calculated from the enthalpy iteration.

Because of the influence of the species in trace amounts with

high heats of formation, the computed magnitudes of the

temperature are too high. Since the temperature plots appear

as normalized curves, the trends and profiles are nevertheless

properly described. A possible solution to this problem of
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computing the temperature is to establish a test for each

species mass fraction and to eliminate those that appear only

in trace amounts from the enthalpy calculation. Experimenta-

tion would be required to determine the proper limit to place

upon the mass fractions. There was insufficient time to

attempt any trial of this approach.

Divergence of the solution for the mass fractions and

density occurs when the initial estimates are far from the

correct values. This is an inherent problem of the Newton-

Raphson iteration procedure (Ref. 5). Methods to speed oN

force convergence exist but it was considered unadvisable

to resort to these more sophisticated methods while problems

such as that with the enthalpy iteration were present.

A study of expedient methods to eliminate these

problems indicated that the addition of the caDability of

usinK the Lewis Thermochemical program (Ref. 3) as a sub-

routine would be the most useful. Inclusion of this capability

would not only solve the two previously described problems

but in addition would make it unnecessary to provide a priori

information about the resultant products of the reactions.

The addition of this subroutine would be facilitated

by using the modification of the Lewis program carried out

by R. Taylor (Ref. 6) to calculate adiabatic flame tempera-

tures. It presently uses an internal table look-up for

variable fuel to oxidant ratios. This modification is

restricted at present to a minimum of two fuel to oxidant
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ratios. With this restraint removed, the subroutine could

be used to calculate the thermodynamic properties given the

present input to the Newton-Raphson subroutine.

Program Output. - The output of the program is printed

in increments of the transformed stream function for a fixed

transformed axial location. Values for the mass fractions,

temperature, density, velocity, and enthalpy are printed

after each increment. These values are then located in the

physical plane with a print-out of the corresponding axial

and radial positions.

Presentation of Results. - The results of the analysis

of the mixing and combustion are shown as plots in Figs. (I) -

(Ii). The values are plotted as normalized values using

J

initial conditions of the rocket exhaust exit, the turbine

exhaust, or the external stream as indicated in the individual

coordinate labels. The normalized values are plotted versus

the radial location for the fixed axial location which cor-

responds to the fixed transformed axial location.

Two separate mixing zones were calculated for two-stream-

mixing. One case represented the mixing of rocket exhaust

and turbine exhaust while the second was for the mixing of

turbine exhaust and the external air stream. The intersection

of these two mixing zones was calculated to occur at a radial

position of 23.3 inches and an axial location of 1.2 inches

from the nozzle exit. The sub-initial plane was located by

/



this intersection.

Examination of the trends shown by the normalized

temperature plots indicate that mixin_ and combustion of

the relative cold turbine exhaust and rocket exhaust are pro-

perly described. The burninK of the exterior portion of

the turbine exhaust is shown. The coolinK of the rocket

exhaust by the cooler turbine exhaust mixing together on

the periphery of the rocket exhaust is shown as a dip in

the curves in Fig. (2). The onset of combustion of the

turbine exhaust is displayed by the rise in temperature

following the dip in the temperature curve.

The maximum peak of the temperature curves indicates

the secondary combustion of the fuel rich rocket exhaust

and turbine exhaust mixture which has mixed with the sur-

rounding air. It should be noted that the temperature caused

by the combustion of the turbine exhaust products is less

than the initial temperature value of rocket exhaust.

The plot of normalized mass fraction of water (Fi_. (6))

displays the action of mixing of the turbine exhaust and

rocket exhaust both bein_ fuel-rich with no combustion

occuring. This is indicated by the dip in the water profile.

As a fuel rich turbine exhaust mixes with the surrounding

air, combustion produces a rapid rise in the mass fraction

of water present.

The remaining species reflect the mixin_ and combus-

tion as shown in Figs. (4) - (ii).
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CONCLUSIONSAND RECOMMENDATIONS

Examination of the plots of normalized properties of

the three-mixing-streams indicates that the trends of the

process are properly defined. A computational problem of

determining the correct magnitude of temperature still per-

sists because of the dominating influence in the enthalpy

iteration of species with high heats of formation which are

in reality present only in trace amounts. Though the absolute

magnitude of the temperature curves is too high, the pattern

of the normalized temperature predicts the coolinE of the

rocket exhaust through mixing with the turbine exhaust and

the rise in temperature because of combustion of the mixture

of turbine exhaust and air as the radial position moves out-

ward from the centerline. The mixing without combustion of

the fuel-rich rocket exhaust and turbine exhaust followed

by the combustion of the fuel-rich turbine exhaust when mixed

with the surrounding air is also predicted by the Dlots of

the normalized mass fractions of the species.

It is recommended that capability of using the Lewis

Thervnochemical program as a subroutine be added to the present

program. This would eliminate the need for a priori knowledge

of reaction products and by-pass the Newton-Raphson subroutine

used to calculate the unknown mass fractions.

It is concluded based upon the normalized profiles that

the modified P-function adaptation of the similar profile

I
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method is a feasible approach to the multiple-stream-mixing

problem. With the addition of the recommended subroutine

the program would provide a method of describing mixinK of

equilibrium gases with Kreater speed than the available

programs involving non-equilibrium calculations.
ii_
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APPENDIX A

COMPUTER PROGRAM

The following description provides information for

those desiring the particular results formulated by the

program. This program deals with symbols and is very flex-

ible in the number of equations and species which may be

used as known information. Listings of both the two and

three-stream-mixing programs are given. A sample is pre-

sented for the two-stream-mixing in Figs. (12) - (15).

Three-stream-mixing sample input is shown in Figs. (16) - (21).

tions:

i.

2.

3.

4,

,

,

Limitations. - The program has the following limita-

The maximum number of input equations is i0.

The maximum number of species is 19.

Each specie table has a maximum of 20 values.

,The maximum number of equations that can be formed from

the input equations is 15.

The initial estimate for each unknown species must be

positive.

The values of the species tables must be input as

logarithms of the base ten. This is really not a
limitation since most thermochemical tables are given
in this form.

List of Input Variables. -

i. KT = number of values in each species table

2. NSMAX = number of species in the equations omitting nitrogen

_/!it
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3'. NRO = number of input equations

a. NROI = NRO + 1

b. NR02 = NRO + 2

c. NSMAXI = NSMAX + 1

d. NSMAX2 = NSMAX + 2

e. NRS = NSMAXI - NROI

f. NRSI = NRS + 1

4. NXG, a zero indicates one set of initial estimates of the

unknown species mass fractions; a one indicates multiple

sets of initial estimates of the unknown species mass
fractions

5. DI(I) where I = I,NRSI are constants used in for_nin_ the

last NRSI equations, it is the mass fraction of elements

in the outer mixing region.

6. GI(I) where I = i, NRSI are constants used in forming
the last NRSI equations It is the mass fraction of

elements in the inner mixing region.

7. SMASS (I) = mass of species I where I = i, NSMAX

8. NALPHP (I,J) where I = I, NRO and J = I, NSMAX (see below)

9. NALPHPP (I,J) where I : i, NRO and J : i, NSMAX (see below)
NALPHP and NALPHPP will be discussed later.

i0. PSI =

Ii. DPSIBAR = A_-= AZ

12. DXI = A_

13. DPSI = A_

14. XI -

15. PSIMAX = maximum value of

16. XIMAX = maximum value of

17. TREF = Tre f, Reference temperature

18. PREF = Pref' Reference density

19. REFV = Reference number of moles

-13-
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20.

21.

22.

HE : He

HJ = H.
]

ACCTOL = tolerance of lh-h'I used in the enthalpy

iteration to determine temperature

PSIJ : _

T : T is the input estimate for the temperature

25. DELTAT : AT or change in calculatin_ a new T

26. DT : AT used as dT in the inteKration to determine static

enthalpy

27. TOL : tolerance settin_ for solution of simultaneous

equations

28. PSIBAR : _ : Z

29. UJ : U.
]

30. UE : U e

31. USTARJ : U_
]

32. RHOE = D
e

38. RH = r.
]

34. CNITROM = mass of nitrogen

35. AACON (I,J,K) where I : 1,6 and J : I, NSMAX with J =

index of specie used for the thermochemical constants

and K = 1,2 for higher and lower temperature ranges

respectively.

36. A8 : a_ and PLYC : a],a 9 ..., a20 are coefficients of
the poYynomial for F[_)-used in the P-function integra-

tion. [Note: Used only in two-stream-mixing program.]

!

37. PSI TABLE is used for interpolation base for the modifi-

cation factor tables. [Note: Used only in three-stream-

mixin_ program.]

38. MODIFICATION FACTOR tables are of the same size as the

PSI TABLE. There are complete tables for velocity,

first element, second element, ..., thru NRSI elements,

and total enthalpy. [Note: Used only in three-stream-

mixing program.]

¸¸i¸9
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39.

40.

41.

42.

43.

44.

45.

TTAB(K) where K = I,KT and used foP interpolation base
for T and species tables.

STAB (l,J) where I : I,KT and J : I, NSMAX with J : index

of species. Therefore, there are NSMAX species tables
with KT values in each.

AAHOT (I,K) where I = 1,6 and K = 1,2

AAHOT is thermochemical constants for nitrogen.

KSPEC (I,J) where I = 1,4 and J = I, NSMAX will be dis-
cussed later.

XG(1) are the estimates of the final values of the unknown

species mass fraction where I = I, NSMAX.

XG(I) CUT-OFF places a lower limit on the size of the

species mass fractions to eliminate computer underflow.

SUM provides a means of restarting the calculation and

still maintain the accuracy in the radial position inte-

gration. It is equal to the value of RSTARS print-out
for the previous position•

Data Format• - Data is read by two different formats.

The first format reads fixed point integers bv the followin_

set up:

a. Each data card has 12 fields of width 5. Each value must

be right justified in the field. For example: If the

numbers 20,5 and 2 are to be read then 20 would be placed
in the first field, 5 in the second field and 2 in the

third field. A 2 would be placed in column 4, 0 in
column 5, 5 in column i0 and a 2 in column 15.

b • If an array N has a dimension of 15 then the values N(1),

N(2),..., N(12) would be punched in the first card with

N(13), N(14), N(15) in the second card.

C • If an array, say K, is two-dimensional of maximum dimen-

sion of 15 x 20 but only a 3 x 4 matrix is needed then

12 values would be read by columns in the order K(I,I),

K(2,1), K(3,1), K(I,2), K(2,2), K(3,2),...,K(I,4), K(2,4),
K(3,4), K(4,4).

Note: Most of the input to this program is of the form A(I,J)

with I = i,..., NRO and J = i,..., NSMAX where NRO and

NSMAX are values which are known and change with each
new case•
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The second format reads real or floatin_ point numbers

by the following set up:

a. Each data card has 6 fields of width 12. Each value may
be input as a number which contains a demical or as a
number which is given with an exponent. For example;
-.000560511 and -5.605011E-4.

Formulation of Input. NALPHAP (l,J) and NALPHPP(I,J)

are two-dimensional arrays where I = 1,2..., NRO and J = 1,2,...,

NSMAX. NALPHP and NALPHPP, the stoichiometric coefficients,

are used in the program and must be set up in a particular

way. These two arrays are used to input the coefficients of

the reaction equations.

Example:

2H 2 + 02 2H20

2C + 02 2C0

C + 02 CO 2

C + 2H 2 CH 4

4 equations hence NRO = 2

7 species hence NSMAX = 7

Therefore, by reading the first equation from the left,

there is H 2 (species i), 02 (species 2), and H20 (species 3).

Reading through the remaining three equations gives C (species

4), CO (species 5), C02 (species 6), and CH 4 (species 7).

The input for NALPHP and NALPHPP is as follows:

NALPHP

H 2 02 H20 C CO C02 CH 4

2 1 0 0 0 0 0
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NALPHP (Con't)

H2 02 H20 C CO CO2 CH4

0 i 0 2 0 0 0
0 I 0 1 0 0 0
2 0 0 1 0 0 0

NALPHPP

H2 02 H20 C CO CO2 CH4

0 0 2 0 0 0 0
0 0 0 0 2 0 0
0 0 0 0 0 1 0
0 0 0 0 0 0 1

T

i

a,),: \

Notice that the column i corresponds to the coeffic-

ients of species i and row j corresponds to the equation

j. For example, NALPHPP (2,5) represents the second equation

and the fifth species (CO). The stoichiomet_ic coefficient

of CO in the second equation is NALPHPP (2,5) which is 2.

When these arrays are loaded into the machine, all the NALPHP

coefficients for the first species are inputed before the

coefficients of the remaining species [See FiK. (12)].

KSPEC (I,J) is a two-dimensional array used in the

program where I = 1,2,3,4, and J = 1,2,..., NSMAX with J =

species J. For the above example,

KSPEC

H 2 02 H20 C CO CO 2 CH 4

1 2 I 0 2 2 i

0 0 2 4 4 0 4

0 0 0 0 0 4 0

0 0 0 0 0 0 0
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The species 3, 5, 6, and 7 are products of species i, 2, and

4 hence H20 is stored as a 1 in the first row indicating that

it contains hydrogen, H2, and a 2 in the second row indicatinK

that it contains oxygen, 02 . It is important that the numerical

key for the species appear in its proper column but it may be

placed at random in the column. These values aPe inpu_ so

that all of the first species column (even zeros) are input

before the remaining species columns are input in order.

The DI(I) and GI(I) are tied to the species numerical

key described in the NALPHP and NALPHPP arrays. From this"

DI(1) is the mass fraction of the element hydrogen, H, in

the outer mixing region. DI(2) is the mass fraction of oxygen,

0, in the outer mixing region. The last DI(I) value is the

mass fraction of nitrogen, N 2. The GI(I) values use the same

numerical keys and indicate the mass fraction of the elements

in the inner mixin_ region.

r
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LISTING OF TWO-STREAM-MIXING

COMPUTER PROGRAM

r;

L

C

f.

C

C

C

C

C

C

C

C

C

C

C

• C

C

C

C

C

C

C

C

C

C

C

C

C

C

_2_U f O" +f"iAi_ {,". 1.b)# {W I" i

•,.,=C .+,''1"_, L_,L'-I'F-i(.ilc+. Hi- l_+t. (LY-:,"I|AL

+LYC=t.,, _-I-I"iuJ_ _ , .F I-c,_Y',,O':IA,(,'Si_A_)

_At_iJ'(ii_ -li'i_):l_?w_IA ' I-_i Ui'lti ' I% i'l'II't 'Ci _,r)[ A.D fJt_-,

AA+ '.' {ioJ,_)=L4'_k'< llzr"-l::_iATji',t"A_bt _()'< I%=£ A b

t.At.., ( I ,_,_ )=_P);F_ I_ "i-E_AT,],<_ ,A'i%t I-(G,_K=_ a ,_

(.,.,_. l:], .... r, A ,,t: .=] ,,_,t::x f. ),.- ")"E"UI_" _,

nA,,_ (lw_) ,_c_r J'=l LJ- ? i,_lI., _--2 L% FLi_

IHr , ,_-E-_, !r_r'l'J_li'L.,,IZA'.D6 _" ," ,' j r)-.' _Ll(,- ,,,,

I iiD: In_l_ tZ ' jl_ ]

-,,:_ . _i. _AIt,lrb l\ tALH bb'r;.t it TAil. ;-

' i_Ot i,i) A'<l- IA+_Lt:-'+ C._ _-"I'-,DIz _A;I.::,

'..,"'_':_L+.LI_(, ltj b+'t[li J ,'lf-+<r I:I,..,,KI

to lilli _ sl I _l+'-<J /'"+ lAfl_# - L dj4- ,,c,

.AL_',V,ki P,_I'-',:,AA, ,AA_,_>:AX, ,_ A'_I. '_,iP i_,-<i_i _.tl, ,

ILl b I P 1 Ht_t I=,_'Ai ]'j

I,I=1 .L,+,bPi-r'.l fO- i\it'b' llit;'i

tlzL l"l:l"L'-t:FIz_ + i'D. + llt:,<A_ ii_,

LIII) iNI I.l(I) FO", _'7+llJt,'tl ]+il+O+l APtO (,'|l.<,

tb/,_(l) lb _tLt, lI.,_ IF wfh,_-LI:.EAH __iF.'I .,t' t,/_;Allt,_

-P_Ab 1,1) A'_ t,u,',Cl-,i'kllid;+ u7 _.A.',5<;I _PECli-5 i

t.+',,l I+.,"n='_5"- L_i" ".,| I.L,.CIr

,_:. : I It._ Llr._ T,_i#-#';., )CO ,.lt.r_.>_F5 AKt Air I_- _ L,_._i •

,x'- = (. If', ,_ll-', '_ll_ x,, c+c.Pr'_c-_: <` A,_Iz AF TE_, t. ibi:.

_t, L-,'. 1/_1_- I ",, t-. ; +._,._ I ,i-L! ,Al_t c)

I .'..-< _, xlu,l;_.,l .,A_'_

. I L: _iL+ r I IAD(/O,),blA!_(?O,._O)

_i+r .- ,biOv '__+I-.'_fgI4 , _ U )

t i t_ _I[, P' ' LYl.(dn) , _ELt H(_0) , AAb_ ,( O,_0 i_), AA_ I ((}i_)

i.i' r ,biLl. ',Atr'"l-'(ll'),_'i.,'.li':Ll""il-_-'(lO,2U)

t.l" t: ,btCf. l'_,(.,L(10),i"_i'+'-..(IU),IAPI2Oi,&WIIAY(/I,#'_)

; I i: :-_tO_ )_(£OJ,U_._k(dl) x+

L.I' IZ ,blOI, -;'_A.-,SiPQI,[IiIb),<.,ItI)I

LI" t ,oI[,P' I-'.,tl"i(,:+(_l),OrLXt?l),VAh'_A+(_i,_'2)
t i"t ._,J(,) _',,]lt'(7O,Z_)

,._,_ |vAii::.l._i- (rL...,l,i-),i_i,)_ill,l.Z)
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r.

.r-,*b z_,,J)(h1(l ), _=I, _-hl}

_._-Au l'_,_)(I i(/), ]=1, _:,I}

_c_O l'_,;t.)(( ,AL_-_ {I,.), |=[I,,.,_(,},j=|I, ,,k'A_ )
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lJ'i -,_llr (I(',,<(){(+AP,.AY( ,J;,I:I,'_5"A_I)_J:I,_+'A_;

39 +'t:..P+!AI (I'_*' _+A_, I_L A""AY/;(bt2_._))

3% c_l', I t,','E

,.

, ,xl { ( ):Xxt _)+uE,_x(L)

12 ,+O,' I l,w_'E-

If" (A'<X)14, 1_,I++

1 _ .'_1_'- (1!,,I:_)((-_, ,,(l_,t:t, ,','A_t)

,.RIr, (i' ':_)+,rL '_:3, :i,' _' _1)

,_I +" _ _ _.,_l )( t_l( _ >. i :+_,'.+ " A,I}

+,
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.+9 E_O_,

1 I,

14

_P

2:T

Lk;

b'

,j

't.,(

LO r

L,w_, i (IU.+ x,, _A_ ,_Eh/,(_t_A..g))

v ",'-'_ f (11' i _I.._ )l( I ;/e ()('_',_Y))

k (_k .3(1 i L, I ( £ )-I. }- I_, "i{,'-',.,) ).h _,_. _ _,,_{}

-(L)'-<_+ (_l(I )

Jdl | =i ,.wb_';A_

I )=L_M( I )

i:,_+ %

( +. Oh l...1,r*ob_AXl

_-U i , IL_Ob

_0_ +"U+_MA ( (14_' CASt_ U[_t--b%%//)

_ f ,j,, ,'%

F_F-.4L

,!+:/:i:: ,¸
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:I

A_S=.rA_ ,m,*(/4. U**I,

.',,=.a.." +(X I j**',/ (/. U* '_ ,_'_"AC[ (,,))}t*d

a r, _'1 :A 5

• !,

:!!11

,L) E-_N L,;Y$
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7

v

L J'cl'bl_;. \A(_(,)

|e- (x lu-kk, . )2,_, 4

/2=j ,

/_:c,r(-_l)

i_ { ZA- ."CF_• )'_,'_, o

24:U •

• !, I- I_L

'_" I L_ :,/_'_'L4eSP_ LebLb_ "A*'_'A '-)WE'"

(.: t' I ' _'

l*b_" b'_" ) / { 4 . *b_ i* _b ]-_))

11 I_. {Ll*;b_. )13,i._,12

l? /Z=r._{ZI]

L-L, l' 14

I _ /2=U •

14 hal L I_i'L_AL{SAO,SIW,o_'U_ _%_b_JA ")

h_ I O, r. (Z_,?.rUL,._hS__A_ I/F..._

I /

_0 b_bWb

!

I
I

i
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0

0

0

0

L l* _ _,!{_;, AAAMC:I (60;_).14AC0_(6,20,2)

,-b I,_ e, .......

"=1 - -

% _-_,., I = {/_ A A(.,Ur'4 ( 1, N, tt ) '* J A_.CO.'_ ( Z, ;,_ j K ) t T r/_, '*'AAAC_,N (_ _ I_ _.K)* T I * LT./3 t { .......

l_ A AC'.4( 4, N, _ ) *T |**3/4 • * A AACo_'_ ( ._, N, K ) * TT**4/_ •

L,U I,J 7

I_,_A_ II (4,_.)'I T**3/4.'*A._AHOT(5,K)e[T**4_,÷

2/zAAH,J I ( 6, I_ )/T | )*R_* ] T ........................ "

7 _;U_,T ir_E

-ETu_N

0

0

0

3_QU FOHINAN O]AGNCblIC _ESU_'Ig : "F0-_-.-AcALz ......

0

0

.... .,,,.

i

(
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0
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0
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0
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0

0

0

0

O,

i ..........................

_2(JO F"JW, _&N (2.I.U)/{HI_} / I

C -U",_ _tt=¢u_,=E K,Jlta l'_Erj_&l'iu_ Ir, OgOu2 g
LI'_e-.,,bION _. (IUO),_(IOU_,Y_(IOO),Ay(IOU),Ayv(IUU),bUMI(1UO) JI,OUOu4 U

.................... Ll"c 'b,{J'J ._JH_'(IOO),F_,.ili]rJ )

[;_OUOubfl

C _ I_ i,-.E 6'¢P SI/E,X rH(- INDLPENDI:NI VA*IABLE, IHt LIEPE_,UENI lr, OlJOg,'U

,C "A_I,:,U_ E" _vF 310_EU i, Y A:wI} Y"",SEL;oND O_'UEt., bWL_II(.;NS F|N_I. |NOUOu_U

C _ l_ I- E VAL.biz uF IHE _U'WL;I/L,;_ _,FIR3I OH _t;CU'wb rJkWIVAIIVE, I_OUUIJVU . .

C _.LJxi_ I_,RY t,IO_(AiJE _'UST liE FUh_wl6HED, FK(NE,_I,AY(NI:iJI,AYP(NE(J), |NOuOIOU

C .... '-'U_'L ( 'w_,O) e ._UM2 ( NEU ) •_ 5o#RU.U. f l _E Ib C_LL FD F QLLR_.J |__F.,J___(I IJt_YAL_V_F.____ ! r,OIJU 1].tJ

C _ F &.Y,YP_I'. bUEIRUblINt: FUNNISHIr S VALUES 01'- X,_,YV. IND; IS I;,OUnlzg

J_I_,W_LLY

IF( I ,Ul-t} $,2e5
1 _=W÷,'l_,

eL/=-I?.

AL/=U.

_=3=._

_L4=1.

i LU D [=I°NE'J

A+(I;=Y{I)

l,_OgOl3g ......

NOUOI4U

_OUOZ_U

_,OUDI6U
_OQOI/U

_UU_l_U

NOUDLVU

_OUO_OU

_O0_lO
_OUO_U

__lhOgO_Jg

0

0

j_

'0

io

-"o_i_ I )=0.

L-O I', 7

_L2=r,/4.

_.,_3=. >

AL. 4=_.

_-u I 7

5 t_- (_,+l,l-,.I) 3,3,4

3 ., = x ,,.-_/_.
ALl=,4

:_LA=I.

AL_=/.

7 t ,J _ I=I,N_ Q

V _ ( I )=A_, ( t } ÷ALI*AYP( I ]'+AL2.FK(I)

Y_( l )=_ Y_'( t )÷AL,,_eF K ( l

-_J_"Z '_ I )=_U_Z( I ).*F_.( I )

') _ _I

It _ t'_(_ )=_,et- ( ] )

'( 1 ):A,( j )*Al._,='k K ( [ )

!,u 1 1'_,E

':O'-'d ( | ) = _b,,,42 { I ) ÷1. v,.( I } 16.

¢'S .......... _ l_-q$(,) 13,13 14.................... o

YP( [ )=Ayt-'( I )÷_UH2( [ )

1.4 _'([)=AY(I)+S[S4_(])

17 Lu_TIN=:E

• E l U'_N

3dUU rU_,NAh dIAGNL_; IC WE_OLTS - FOR _NKbi

hOO0_4O

i_OuO¢_O

t, OgO_OO

i_OUO_/O

hOUOd_O

P,_UU_VU

r, OuU_UO

r,OUO_IU

NSUO¢_U

i_OgO¢3g

_OUO_4U

J_OgO_U_
;_OUU_bU

_OUO_/U

_ogo_vg

NOU(}4UO

,_OOO41U

NOUO_U
NOUO43U

NOUO44U

NDUO_OU

NOUOq/g

NOuD4_U ...........

hOUU_VU
_OOO_OO

hOUO_2O

_Ouo_u
hOOO_4O

NOOO_U
NOUO_6U

NOO0)/O

NOUO_SO

NOUO_gU

NouoGou-- ............
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0
3_T_O FUHrRAN

C ,.A,,'_'.'_E I_',rL-.'_VOLATJC_,_,J,4,5 YOINt

0

c_

C

c,

0

0

0

0

o

0

1

t°0

(2,1.0)I(_T_) / /

_0 ,:l÷l

4_ *-'_ + _ r4[_,5_,60,60,60},| p

C _ _,llti' INTL_Pf}Lil IUh

........... _6-- t:.I+]

LUI=( *-X(I )9/(_( J-1)-X_ | ))

_G

Vb

II0

140

C

ZOO

i:l+l ....

iF ( I .*,I-NP IJ"! 4_, _,4._,,},4_ ......

1-'_-1

,'.J I,, _IU ..........

,-._ t_ (14_,14_,lO0,_r_O,_U)o]_

]:_,(1-1)
L,_:X ( I ) ......

L3:X(I*I)
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©

0

0

0

0

@

14=_]-i.)

LI=Cd-L5

,_©T-bl

............... _'._: T.&I )* l 1" I _*') 4 )..1_[ _*Qb'DB*_I@)
LUh=(ib*_I_I2eT_)I(U4*I:I*_9*{)IO)

400 *,EIO-_

t, i _

.................... 5_?OU _rON'IRAN DIA6_C._ |C NI-SULTS - FOR uINI

NO ERRURS

Lt

0

0

_. "
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,.3200 I: L)_ i _A,W

C" .._I.,_+,,Ut ] ,1: "_|4i:_J(A,7,C)

l _+ _jO, A_2J, 0._21,B(21R_;_),C(21)
U'_=b. OI_-Ub

C) ................ - A:+_+I ...............

",_-+1
_1 , J lu 1=1,_,,

'._ IU Jsl.h.A

O 1_ -_t. J)-'A(I,J) _

2P |_ (a'_:_lt+l_,.++,,,e,,.$Y)-101.)-,S0,pl00,100

_ ,,],0 /l' (R_'-'|)4.1.,),,qO..,},O0 ........

P'_ 4(_ I tl pu Iz]jr, A

_=4t,,_, l)
," ( ",,.S. £ )=_(K2, !)

.... +:_0 i J'.,I+,+:,E ...........

10 r) _I_'_3

, .,$--P,.+_+ I

;, l _" t '+,++" +) t Zl'+ .'1+ O, 200
! ']_" Lt_ l..tU |-'_,3,i_A

+ 13n _ ,F,+[ I*+++_

t2.1.0)li_Tb) I

. ! _

On.

..... :...... _ln+

+ 1+ I,'I(I ]',Pl_.l+:

_ { i o j)=B{ i , jI.H( t,KZ).H'iKZ;SF ...........................................

i+b .: I t +_'+E

_- t.J I I PD .........

, ( ):tSlN,n*ll/Sl,_,h+

,3,,+- I

+ _IJ+

=.+,*_3, I )*C( I )

I

'_3=_..S- 1

It- (,_/,) _bn,3_Oj2 ":+_
300. lot = _'.t10.

* ]l. ( 1 ;,__1. Or_30 ),$20,31 O, _10

310 _ 2=_,5+1

_. t-u I ,_ ?0

,5_0 .',_,I It" {tSt,+_'l)

........... 3_1. L ,_+'M_! ( /./'I.3H _nO. ._t._L u.I l
35rl ',F-1U,.,c_

i ©
i

i°

_ i.. l)
r.,,

................ : L

3200 FOMIHAN OIAGNC5 [C _ESULIS ,..FOR Slr'h.t, .................

NCJ EI'IROR$

r'n

t



LI STING OF THREE- STREAM-H IXING

COMPUTER PROGRAM

3200 F_Rf_AN (2,t.O}/JHT5) / /

........................ _PROG_AM J_TMIX ..............................

CUMMUN XIU,|N, IO,ASX
....... IDsCUNSTANT+UOEFFICIENT UF THE POLYNOMIAL ..........................

• C FLYC=C,,EFFICI_Nr OF FOLY_OH|AL(PS|BA_)
C ]ACD:4(I,J,K):CDNST_1S USED |N-_G,HO; AND COW,

C AACOP,(J,J,K)=LOWER IEHP_ATURE RANG= FON K=2 ANg

• C ........ AACO;_(I,J,_)=_PE_ TEH;E:;ATjPE _A_GE _0_ K,I ANO ....................................

C +FUN i=_,...,6 AND _=INUEx FOR SPECI_ _.

......... C ...... !AA_OT(i,j) _HEgE J=l OR 2 WITH Jl2 |_ TU_ ..............................................

0 C THE LUWEH I_MPEHAILHE _A_GE FOR NI]_oSEN,

C--+----'TTAB=TABLE OF T

C _]=Nu. oF VALUES ;k EACH SPECIE "'"' :

0 ...... C ..... S?&B(I,J) AHE TA_LE_ O_ bHECIE VALUE_ ........
C CORRESPONDING TO SPECIE J WHERE [=%,...,K{

.... C T IS VALUEOF INP ,I FO_ TABLE LOOK-O_

0 C kALPHP,NALPHPP,NAA,NAAZe_SMAX,NP AND %NP ARE uSkD
C _0 SETUP-T_PITT-EOU_TID_ - -

C £T:INC_MENT F0N I_TEG_AI ION

0 - C - EELTAT=INCNEM_N[ FC_ r I+ERATION -

C EI{I) AND GIrl) FOH EUuA;ION |+NRO*t AND CN|I_U

- " C CBAR{I} 15 SDLUTIOK CF NON-LINEAR S_STER 0r EOU_T|ONS .....

0 C 5MASS(|) IS CUNCENTR_IIO_ OH MASS OF SPECIES l
C' -ENITROIS USEg IW _C_-1:-E'OU_T]O_

C CNITROM=MAS5 UF NITNC_EN

0 '- C - _NEW = 1 CAUSE_ NEW CASE TO BE RE_D. - ................. :-

C . _NEw |_ SET IN NEwTOE.

- C + _XG : I IMPLIES THAT N[; XG GUESSES AnE AFIER CASE. .........

0 C _xG : 0 IMPLIES THAI XG '5UESSE_ ANE AFTER CASE.

C xG_I_ TS-TI_E SMILLEST _IEUE T_A1

C XG CAN TAhE IN NEw!OK.I|:_PUT VALUE)

0 .........C ............
[[ME _SIUN TIAU(20),b]AH(20,20)

........ [ jME+wb|UN _5P_C{4,20)

rIBENSIUI_-IQ_II]O;21TT,,-_I_'ETIIT;_OT[-Q'FT_STT'_%'I_-{IOT

_]MEr+51UN NALPHP(IO,_O)_ ,LPHPP(IO,_O)

-- " ............. _[MENSION _HASS(20),Cl(15},_i(i51_P(6);PY(6} ........

LIME._SIUN AUV(40),AOEt(40),4OE2t40),AJE3(40),AUE4140),AOEE(4O)
LIME_SIO_ FuNION[_II+U_X|_I=FA_AYI2_Z_)

E[MENSIUN SSTAB(20,20)

..................... EOUIVAI__NC_ If DOT,Pt,(FDOTT,F2) ........................

C

" _ READ I_PUT ................................................

C

O

O

O

0

0

0

©

C"

0

IN:60

............ 10=61 ....................................................

ABx:O

......... _UOO_EAD {IN,2)KT,RSMI_,_RO_XG ............

11t1

II_=IO

kROI=N_U+I

.... ; .... _RO2=NkO+2 .............

_bMAXI=NSMAX+I

......................... _MAI_NSM_X_ ................
_RS=NSmAXI-NROI

_RS%=NP$,Z

_fliO

.............. i ili

• -_5-



0

0

0

0

0

0

0

_EAD (,_,3}(DI(I),I=I,NR_}

hEAD (iN,3)(SMASS(I),|=I,NSHAX)

fiEAD {iN,2)((NALP_P(I,J),I=It,NROI*J=tioN_MAX)

kEAD ( IN,_)( (NLPHPg(]jJ), |=[1,_NO),J=|I,N_MAX)

1FE,NJ,ACCIULPPSIJ, I,_ELTAI,OT,ToL,F_SAR,UJmUE,U_TARJoNNUJeRJw

.... 2CNI!WM

.EkU ([No3}((kACON(I,J,1),I=%,6),J=I,NSMAX|

.... kEAD (IN,3)((AACON(|,J,_),I=i,6),J=I,NSMAX) " -

kEAD (INJ_)((AAHOT(|,J)o J=1,6),Jmle2)

_EAO('|r',3)AUC ............

HEAU(Ir,,3)AUV
fiEAD(J*,,3)AUE1
WEAU(IN,3)_UE2
NEkD(/N,3)AUE3
_EAU(INo3)AUE4
_E_D(Ii,,3YAd[E

kEAU (IN,3)((_TAB([,.),I:I_KT),J=_,_MAX)

_E_D (IN,_)((KSPEC(I,J)eI=2,4),J=I,N_MAX)

_EkD (=No3)(XG'(|)wI=|t,N_MkX) ............
kEAD (IN,3)XGMIN

_EAD(IN,3)SUM

4

_" C
C"

FORMAl (I_15)

FORMAI(bE_O.B)

SET uP NAA ANU NAA2 _RHAY5 FROM NALPHP AND NAL_HPP

/

_O 470 i=I,NRU

................. _0 470 J:I,N_HkW ..........

............ j_&A(I,J)=O ..............
_AA2CI,J)=O

470i' CONTINUE

ZS-_'5_I,N_O
EU 491 J:I,NSMAx

........ IF {NALPMP(|,J))452,453e452 .........
452 _AA(I,j)IJ

......... 4531 IF (NLPMPP(I;3))454_45t_4_4 .....................

454_.kAA2(I,J)mJ

45[_ I_iE

450! CONTJNt,b" C ;_ .......

C _ SET UP NP ANP NNP JNNAY_ FROM NALPHP kNO NALPMPP

....... C ...........

'_ _:1
.=0
.=J*l

_56_ _0 455 I=|,NRO

IF (NALPHP( |,Jl145_p4_45_4S_ kP(K)mJ ...............

C) ;KsK_I

IF' (_-_)'456',456,45G

45_ CUNTINUE

_'_ IF (k-NR_)_56,456,459 ........
4_9 EONTINUE

...... K=[ ...............
.=0

.CO 4_ [=[oNRU

.......................
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O

O

O

O

C_

O

O

O

©

O

O

C

O

O

O

C

C_

(7

O

O

O

468

......... 4 65

IF {NLPHPP(I,J))485,465,468

hNP(_)=J

k=k*l

IF (K-NRO)466,466,46_

CONTINUE
IF (K-NHU)466,466,46_

469 CO_TTNb_

C
......... C PRINT NPUT

C ._ .

............. WRITE (IO,.gi}KT,NSPAX,N_O

91 FONMAT (1H],//1,28_ _E_ MIXING JOB _0. 56018011o

i_IN NUHBER or ELEMENTS I_ TA_L_'S--=]3,_Fx-_, ....

2_0HNUMH_ _F UNKNUWNS :|_4X,
............... 327HNUM_ER OF |NPUT ECuATIONS =|3/) ...........................

WRITE IU,92)(Dl(I),I=I1,NN51)

............. 92 FORMkl (6H Dl(I}/,(SE22,9)} "
w_IT_ I0,Sb)(Gl(l)oi=lt,NR_l)

B6 eOwRIT-_6_-GITTl/;{SE22;_)]
WRITE lO,94)(SMAbS(I ),I:I1,NSMAX)

-- 94 FURMkT (18H hASh t)[.sPECIES I/,(_E_2.9))

_HITE |O,9_)(gG(I),I:I1,NSMAX)

..... g5 FORMkT (_3h CBAW GLESSFS/,(5_22.Q})

wRII_ tU,392)XGMIK

a52-rO_hkT-_/.17_ wG MINIM_;_ VkLUEo_"-X,-_]_i).§//} - -

wRI1_ Io,gb)((NALPHF(Ie,J),Ie]_,N_O),J=II*NS_AX)

....... 9K FOR_IT (//,7H NALP_/,(_U|10))

wRITL IU,g/)((NLP_PFIIe,J),I=IIeNMO),J=II,NSMAX)

..... 97 FORMAT {BH "WkLPHPP/,IIDIIO})

WHII_ lb,gu)((NAA(I,J)8 :=II,NRO),J:I_,_SMAX)

9_-FURRIT {VR _AA{I,JT/;IIUIIO)}

wHIT_ |0,99)((NA&2(l,J).I=II,NROI*J=I1, N_MAX)

......... 9V FORMAT {IOH.NAA2(IoJ)I,{IOI$O)}

wRIT_ lO,BO)(NP(1), I=II.NR$)

....... B_ r0RHAT (SH NP(1)/,(10I]0))

k_IT_ IU,BI)(NNP(1),I=I1,NRO)

WHII_ IO,82)PSI,DFS|,DP_UAR,XI,DXI,_IHAWjXIMAX_ ............... _..:_
.......... ITREF,PREF,REFV,HE,_j,_TOL,PSIJ,T,DELTAT,_T,TGL,

_FSBANeUJ,U_,USTARJ,NFOJ_J,CN]TRM

.............. U? FORMAT III,6H PSI E%7,V;AX;SH DPSIEI7,go2Xe7HDPSIB&REIT_.gl .....

55M_EFV E17.9/o6M HE Ell.9,4X,SHHJ E17.g_3x,

-- _ qeHACUTOLE17.?,qX,_HP$1J _17,_,4/,_HT E17.9I, .....

_6H DrLAIE17.9,4xob_U_ E_7,9,4X_HIUL E17,9, ............

73X,6HUbIANJ_l/.9,4X,_M_H,|J E17.9_4X,SHRJ EI/._#_X_

C ........................

............ _0 477 K=I,2 .............

_0 4_ Jz_,NSMAX .............
............ kRITF {IO,B3IJ, IA_COK(I_J,K),I=I-;_ ....

FURMAI (20X,lbHkACCN(I,J,K) J=I2/,(SE22.?))03

• 31 LUNITN_E

iF (K-2)473,472,472

..... 473 _RITE [10.476) ....

476 FORMAT (/I_19X,35H A_CUN ARRAY FOR L _EH IEMPEhATUNEbt)

...... qT?CO_TINUE

472 CONTINUE

489 FOWM&I (/,20X,SMAAP0T/,(SE22.9))
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0

0

0

0

0

0

©

0

©

0

_|t_-([_,41b)(AAHCI(I,2i,lsl,6!

47S FOrMAl (/,20W,2BHAAHCI FOR LOWE_

wNI]_(IU _4}AUC

wHITE(IU B4)AOV

wHITE(IU B41Au_I

WRIIL(IU 84}AUE_

WRITE( iU B4)AUE4

WRIt_(JO,B4)AU.EE

84 FUNMAI (//,19X,13H

c i
C _ FHINI TAHLE_

rEMPERATURES/,(b_.9)}

AC,A1, • . . ,AN/, (_1:22.9) I

WHITE (JU,193)(ITkB(K),K:I1,KT) ................................. j ....................
19_ _URMAI (/II,20X,THT-TABL[/I,(gE22.9))

...... 444 _0_A! (//,20x,_2HS_TE-_ABL_S-Wi-th x--_C-O_(NU,U_R_7_ ................................ 7-- _ii
LO 200 I=I.NSMAX _

_Rl_E_TD,-I94)_

194 FURMAT (20X,9HSPECIES =|_.6H TABLE) :;_i
W_IiE (IO,i95)(_TABtk,-|),_zI_,K_ _................................ ;

_9_ FUNMAT (_E2_,V) i
..... _00 CONTINUE ....................................................... :_

C

5ETTiN_ KEL_M(1)=]

C

KELEMt_)=K

.................. S.CUNTJNOE .............................................................................
C

G CONVERT SIT&_0. .,$2'_IAB TABLES F_O_ XzLOGtY) IO Y VALUE5

IF (NeA)%00.350,100
IO_lF(NxG)350.3_0,3SL ..........................................................

EO 265 I=I.KT

LO 2bb O:t,NSMAX

'159 5STAB(I,J)t_/iB(I,.)

C

...... 35_ [0 260 J=L.N_MAw ............................. i........................

[0 260 I=I,KI
..... tF t_l_Ut|,J))k93,4§l,491 .....................................................

491 bTtB( I . J)=lO. O'='e51AH( I . J)
_u t(i 4q0-----

493 ST=SIAH(I_J_
KST=ST ............

F NST =N,_I

• FFST=ABS(51")-AH_(FK_T) " " -

STtEl( ],J)=IO.0*eFFST*IO!OeeFN_T
490' CU_W] iNuI-

_60 CUNTINOb

44_ FOHMA_ (//.20X.27HSPEC[E -IABLESW[IH XzNUMBER/) .............
C

LU 401 J=I,NSMAX

WHIIE(IO,4OZ)J,(STAH(I,J),I=I,K[)

D

402 FORMAT (_OX,13MSPECIE IkBLE 121,(_E22.9)) .......

401 CONI|NUE

_19 FORMAl (//,_OW_4HKS_C(I,J) WHINE j=INUEX//)
CU-BB_ITSI_[I_ .............

_RIT_ (iO_89)(KS_EC(I,J), ]=_,4)

-q. 8-



_J

0
8B C0_-T|Nu_

e9 _ 0_H*! (3X,415)

O .................... [0 34 I=1,40 ........................
iO(1)=O.

............ -li CONTINUE ...........................

0 c
u

C - PHFU_ VALUES .................... •......

KP_I=O

........... TOLO=TOL _ ...................... _ ................

FS_*HU=PSBAN ...........
FSIO:PSI

xlO=Xl .....

0 --- .......... TO=300. ".................................

_=$,907

('_ C 900 IS THE REIURN POINT rOR PSI AND

C FSIO 1o PSIMAX, TkEE XI=XI*DXl AND IHE

-- " C--- FROCESS EONT]NU1E_ _NTTE--XIiX|R_,
C

900 _C1:0
*T!iU.

112=0.

0 ............ _HI=O.
_H2=O.

.............. _LL=O

0

0

0

[O 31 IL=l,b

TT'-IrKE_6,/,b

£U 9 1:1,40

AO(II=_UVil) ..............................

9 CONTINbE

i' KLL=t - "- 2 ............................
_U iU 30

._7-EB"I-ITI_IIIO #

iOil)slU_l(l)

" " 10 CG_TiNliE ................

_LL:2

............... _O TO 30

0 i t IF (_LL-_)12,13,14
1!7--_-_-1 -'z'i, 4 u !

| _O(l)=_oE2(l)

0 " - _? co_Ti_ ...... _ ..................
I, _LL=3 . . _ ............................

........ _3 _o Tn 30
t LU 1_ 1:1i40

_Ut_]I_UE3{I)

ZB LuNTINOE

('5, ....... KLL_ ...................................................

6U TO 30 ,l ......
......... "- I1 IFIKLL-SII9,20/I__

19 [O 21 I=1,40 fi

IDTTIiIOE4(II

21CUNTINUE

_, - WLL=5

_O TO 30

r,.-%

0

........ 20 CO 22 I=1,40 ...........................................

IUII)=IOEE(I)

_2 Continue

30 _Ei_=I

-li9-



9

C

, i i--(1,w,,5ti V'c, el._ _J/Li-'",#,l,_

,i--=u . w

J l=u. I

,: d:- L, . b

,t. ( l.. ) i_ _' l, ,+ 0 , i£ 4

his "

!

I

7]i

._._ . _ 1, .il,., F I" I t VhLt.ill ii + ,

,I tlU i:l,dl,

_, "l , ):[ .b

_ 1 i . 't

_,, /_ / I:i,,oIYm

14:0 . f_

,N : _., (i)

i ',.i t,: A_£(I,:, ,'i}

_,_ 111 It=Ill '_7

_A ,{ , I }=.'-,_,l_.( i t, l_'i'l':x)
, a. . % t :, • ?a! , :,_{ ," l,_', v : J
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..+

253 vleIO.O**YI

0

0

0

0

0

O

0

0

2_2 ST=YI
_ST=ST ---

FNST=N_T

_T_T=I_ST_rT;AUS(F_ST)

_I=IO.**F_STelO.O*QF_SI
254 CONTtNIsE ...............

[0 706 Jt|],NSRAX .....................

Zt+=N£LPHP[ i.J) .-

Z13=Z13+_I6 ......
Z15=NLPHPP(I,J)

70B 714=Z14+715 .....

; Z15=Zl_-Z14
--: FKEL(|)=FKPL([lt(B_.OS+T).oZt 5 .......

777 CONTINUE

+

C
C

....... kR|TE (]O,421}(rKCL(]),|=l,NkO) ...........
421 _ORHAT (20x,THrKCL(I)/,(_E22.9))

+ kRiTE (|O,422)(FKPL(I),I=I.MRO) _ "
422 FORMAl (20x,THFK_L(I)/,(5_22.9))

._ IT_FTTO; +47]
447 FORMAT (11)

C
C ZErO A_RkY(I_J)
C

[U 230 J=1,21

TO+ 23 O-TEI ¥T2
AR_AY(J,| )=0,0

+230 CONTINUE
C
C SET-UP EOUATIONS i,..,,N_O IN ARRIY{I,j)

C F IHSI FILL IN ARRAY(I,NSMAX2) AND
C ARmt_rtt,N_X_

C

......... £o 310 lel,T'ITIO ..................
_1=0.0

..... 72=0.0 .................

I-U 311 J=I1,NSHAX
72e__+ZZ

/lmNI PHPP(I_J)*Z_
(_ -- 31_ CONTINUE

............. 310 CO_TTNt_E.

LU 31_ I=_,NRU
zI=-O-:_
[U 313 J=I,NS_AX

.... SMJ=SRASS(J} .........

71=Zl+(NLPHPP(|_J)-NILPHP(I_J})oILOG(SMJ)

- _3[3 CO_TINbE

FKCLJ=FKCL(|)
_I_rR'_TT, NSMA_i)=-ZI-ILOGtFKCLJ)

312 CONTINUE

C ........
C FIND ANHAY(I,J),I=I,..._"_O AND J=I,...,NSNAX

_O 314 I=I,N_U

INRAv( I,J)=NLPHPP(I,.)-NALPHP(I+J)

..................

- ,)

...... ! _

.+.+ .
-T'_,

._+ _,,+++_';: +

....... :-+/,_+i

• +
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O
314 CUNT]Ni _-

C
L_ C _ET-uP A_AY(I,J),I=SHU*I,J=I,,_'N_HAX-

C
C0_P=P_EFeT_[o_[FV/T ....

ARNAY(_NU1. [)=L,/(CU_PtS_AS_([)]

31_ CONTLNL!E .......

O AR_Av(e-kOL,NSeeXlI=CkI'_o/CONP ....

ARRAY(NROI,N_HAX2)=-I,

C

0 C 5El-uP b-H EOUAI 10k5

...... -:"---'C- ...........

LO 341 NKN:EeNR_

_KNN:NF(NKN)

_14:_KN+NHOI

© c

KK_P=NP(KNC[)

O -- LU 2_O |:I,NRU
EU 2_1 J=I,NSHAX

|_ (_*A2(|,J))lSt_,1113,1112
11i3 GO To ?_Z
1112 ]UEX=NAkZt|,J)

i;'1
............... tii4 IF (_K'_P-K_PEC(i|,ID_x))iii_,111b;illb -

111_ ]]=lJ*l
.......... IF (11-4)i114,1114,251 ......

C_ 1115 Z2eN_L'HP(I,KKNP)

291
250

klS=eNCT+N_U1

CUNTIN/,k

CUNTINhb

C
C i'

...... 1004" |F(NxG)I000.1000o600 ...............................

600 EO 93 l=l_KT
........ [0 93J:l,NS_A_ ...............................

5TAB(|oJ)mSSIAB(|,.)

ljrlJ- CuNYiNU6

GO TU 1002 .. ÷.
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

130

i1=0.0

ZZeO.O

" £0 150

_P=O.9

FK=O.O

AY=O.O

_UMI_O.O .....

_UM2:O.U

TT=TU

IF (L)130,130,131

1,]1
.............. 650

........ 115

........ IlK

111

162

C

CALL" Rxl"I_Zt-F_oT_F, SP]i_'-;,I_'T)'P'_R;71[A_UN, II,N, AAMUI,_ERAXI,CN|IRRJ

L.:_*L

[0 111 ,KKK=N,N ...............
]NU:I

CkCL RIiNkUT{NEO,NSC,£T,TT,F_,Y_,VP,FK,AV,AYP,SOMI,SU_2,1N_)

CALL MAIN2(FDUTT,S_ASSsCUP._,AACO_, fT,N,AAWOI,NSMAX_,CNiTRM}"

(IT-I)650,650,501

I_ (INb-4)115,115,116
CONTINt_E

CONT|NL,_

_22=Y21
Y_I=Y2

TT_TT] ................

_TI=IT

2 POIN! INTERPOLAIIUk UN Y2

0 ..... 161 ZlsT2mCB_R(NI_Zt

CA_L ACAL_(MOT,H,AkHCI,T'),N_AACON,NSM&XI)

........ IF (N-NSMA_l)480,477,479 ....

("" 480 22=CHAR(N}*HOT/SMA55(N)*Z2

............ -GOTO- t7B

479 /2=CBAk(N)*HOIIGNIT_P*L2

" 478 CONTINUE - ....

• ITIT

..... kRITE (lO,499]COP._OT,Y2,TT,FDOTT;N ,-

499 _UNM_T (/_SH GO-PE_/.9,4W,SH HO-TE_I.9,4X,_M _2

_r1_;_j.w--mT--E--I_.-17Z;'5FFu_ZT._,_,'-;-_r_----[SZT------

150 [,UNTINt_E

501 Y2=Y_2+((1-IT2)/(TTl-[t2))*(Y21-¥22)

E17,1_.
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0

©

0

0

0

0

0

0

0

0

I °
I

I o

0

I

I °

812

8O2

820
............. R2i

8_2

.... C

610

GO T_ bOO
_:TC2.(kBS(_p;sH_))/{_BS(SHi;_H_F)-F_A_(-T_loTC2I .....................
_C1:3
_U TU bOO
_C1=2
_F-(A_'(HP-bH)-ACC_UL)BSO,8_O,82_

TzTCI*(ABb(HP-SHt))/(ABS(SH2-SH¢))eA_%(IC2-TCl)

_C1=3
GO TU bOO

T=T-LIEL]AT

CUNIINUE

CALCuLATION_ FOR PRIET°O(]T ..........................

112:U,0 ............... •
_H_]AH:_HB/HHUJ ......

IF (_P_l)blO,610,611
r_Pli=u.O-
FSPIP=(_.ePSI)I((CBB/RHOJ)_(U/UJ))

................ _SPl=t ....

611 CONTINt_E
....... FSPli=rSPI9

FSPIZ=(_.eP$I)I((CB_IHHOJ)*(UIUJ))
[ F_ =T S;T2 -_%FI1
SUM:bUH*DPS[*(FSP[I+I.12.*DFY*($,I3,-t.12.)=loI_,¢

............ tCFY**2*(1.14,)*DFY**31FACT(3)_(t;15.-3 12.'11.I_.'3,)"

2EFYi*4/_AC][4)*(1,1b,'2o*35,/4.'_O,13.÷12.)eDFYee_
................ 31FACT(5}*(I./7,-tS./_;*17.;225./4,_274:23.-_O.), .........

4LFYt*6/_ACT(6))
ITS'TIIT_SUR
kSIAWmbQWI(HSI&RS)

-5=¢-



O

O

O

0

0

0

0

0

0

O

0

0

0

c
c
C "

c

XST&ksSURT(XSTARS)

RRR:_ST&R6RJ

X_X_I_HeHd

[_AL"PRINT/S T-XT_:I_r

...... _TH H EIT.9,4X,6HSH E27.9,#X,

.............. 37R RSTARSEI7.V;4X,EH_STI_SEIT.9"pl'X_
4_HNR_ E17.9,4X_6VX _t7,911)

C
..... Ir (ABS(P$1-PSIMIXl-oOOOggO_11195,_195,_196 " -

2196 IF (PSI-P$IMAX)1196.119_,119§

L0 _0 I=II,NSMAX

XG(I)sCBAR(I} --
50 CONTINUE

- &RITE(IO,95}{XG(1);Itlle_SMkX) -

_O Tu 900

_194 IF (Xl-XIMAx)XlV4,1000,1000
- 119_ PSI=_$10 ....

_PSI=O

- SUM=O,O
Xl=Xl-bXI
G_-TU--VO0
END

" WRITE (IO,300)T,W, SH,HPe_HSTAR,RST_R%,XST&R$,RRReX

JO0 [O_MAT (I_2UX,28HFINaL P_INT 5TATEM_I FON T=EII,WII_

,11_oo FOHIN_N DIAGNC$;IC RESULTS - FbR JEXMIX

0

0

0

t

-55"



i °

I °r_
r%

0

I o
0

0

I
I
I

_ROI:NKU+I

iULN_W=IOL*,O0_ .....................

ZlmCUI+NO

Z2=P_*THFF*REFVif ........................ "-'-........................................ ++

_0 22_ I:t'.NSM,x

2i_k% (TTT_S_ ( l )+Zl
_22 C_NIIN+_

........ MHI)VuE:ZP/Z1 ...............................................

............... LBAR{N_HAX_)mNHOVUE .................
LU 115 I:I.NSM_X

[_AR(I)=XG(|)

115 CONTINt_E

C _ET XX(I)zCHAH(I) ;:
-- [O I |=I.NSMAXi ............................................. ,i-- .................

XX(1)_AH(I)
............. + ..... +............

t LUNTINttE .......................................

[0 11b I:I,NSMAX1

[F-T_-_r{TT;x--_)II7,117,119 -=_

119 XXII)uALOG(XX(I))

GO TO 116 ......................................

............. _1_71. XX(1)._GMIN

XX(] )zALO_(XX(!) ) ..................................................................

11_ CONTINL.E

100n_TTk('lO.lOOl(XXlll. I:i+.bMAXl)

100 FUNMAT(IOH XX VALUE_I.(_h_2.?))

£0 4t i:l.NSMkXi .................................... : ....................

EXPXX(I)=EXP(_X(1))

...... iF (_X_XX(1)*lO.)41,41;90_ : ................................

41 CUNTJNu_

• C .... TIN_-I-HE VALUE or Fu_IuN(1).I=I. .... N_O

[0 2 |:I,NRO
................ Zl"o.O ........................

[0 3 J=I.NSMAX

....... 21.ZI*kRBAY(I,J)*xX(LI ............
3 CONTINUE

/

Fu_TnN{ITiZI+A_A_II,N3MAXlI&ARHA_iI,_SMAk_]i_rIN_AW_|

CONTINoE



©

C

©

O

@

©

©

©

©

[;

{;

ZI=O.O
[a 4 J=I,NSMAX .-

ZI=ZI*AH_k_(N,01,J)*EXPXx(J)
CO_]INbE -

6

....... 35!

_UN_(JN(NRO1)=LI÷A_AY(NR()I,_SMAXl;-EX;(-XX(NSMAXl;)
FI_D TRE-V-tLU_-'0E--0T'-!FU-I_FUI_Nn0-2o...,N>,AX-1
LO 5 I=N_O2,N_MAX1

.... 21=0.0 .......

[0 6 J=I,NSM_X

21=/I*ARRA_(I,J)*ExOxx(j) .........
ICONTINL) k •

CUNTIN('_

I_T_RE FO_CIION VAL_ES-IN P_'R_)'I_Y ...........................

27

2e,
c

8

7

, LO 35 I:I,NSMAX1

FA_RAY(I,NS_AW2},-FU_ION{I} "
_ IF(_HX)2b,25,26

wNiTE--{1U_#7)(@UNI_Ni ill I=I_NSMAll)

$0NMAI {11H FUNCTICN 1/_(5E22.9))
CO_TIN(_E " --

FAWTIAL 5 OF FUNCT|ChS

CO 7 ]:I,NRO
LO B J:I,NSHaX

_ARRATTI,3}=&RI:F&'T(-I,.)

CUNTINI.E

P_RRAY(].NSMAX_):ARRITTI.NSMAX2)

_0 9 J=I,NSM_X .........

FAHNAY(NNOI,J)=AR_AY(N_Oi_J)*EXPXX(J)
q CORTIR_TE ..........

PkNRAY(N_UI_NSMAXI):EXP(-XX(NSMAXI))

" CO 10 I=_RD2,NSMaXI . -........

[0 $1 J=I_NSMAX

_hRAY(|.JI:ANR[Y(I,.)tEx_Xx(J)

11 LUNTIN_,E
FARR&TII_N_MAX%}_0,U

10 CONT|NL_E

IF (S011)52,52,54 .....
52 [b 50 i=l,NSMkXl

71:0, -
_U 51 ._:I,NSM_X1

5_ CUNIINU_

IF (Z1"l.0150,50,Sa
50 CONTINh_

WRITF {J0,55}

_ _0NMAI (20X,2BHM#M_I_Ix IMPLIES

@0LI_.0

........i:!i
........ i/

m .....

CONvEHGENCE//)

• ,,%

54 CONTiNt,k

.... tFt_X)31,30,31 ..........................................

_0 .WRIT_ (IO)32)((PANRAY(IeJ))I=I,NSMAXl),J=IINSM&X2)

............... _2 FORMAT [I_H P_tl_l _w_A_/,(SE22.gT} ...........
_% CUNIINI)E

CALE-SIMEU(P_NAY._SP_x_.DELX) -

LU 12 I=I,NSMAXI

.... WXI(1)=XX(I)÷DELX(I} _ '
%_ CONTINU_

- IF{IBX)14,13.14 ............
13 WNITF (IO,15)(FXPXW(1).I=t,NSM_XI)

*HIIE(IU.21}(XXI(I),Iule._SMkwI)

-57-
e



0

©
3200 FORTRAN DIAGNCS_[C RESULrS - f_N _,E_!'JN

t")

, , ,,, , , , • ,

_,!....... :

! "i̧ ::!i_̧

.....................................__ i,i!i!¸

tm

I

I

I

©
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:,ji_i

O

©

3200 FJ_F_AN

.... $URRDUTINE FIO (P_Ip_PSIJ,PPSI,ANS;SPSBAR)

COMMi_N X|U

........ C .... X IS T_E PO|NT Or EVJLUA_IDN
C ANS l_ IM_ ANbWbR [_S|N_i)

C FPSIJ+FPS-[ _D_XI' ARE NEEDED_

C FD_ TH_ CALCULATIUk5
• ........ XI0=(PpSI,SPSBAR/p_sIj)/(2.O.PXIT_P_Ij|'

]F(xiO-20.)5,_,2

...... S _=I ...........

ANS=X[U*_2/4,0+[,O

_N_I:ANS .........................

10 _=N*I
ANS=_NS,(XIO.INI(2;O,_N._ACT(N))-I-_-_Z ..............

ANS_:ANS%

...... INRI=Arj S .......................

IF (N-200)4e4w2

3 GO Tu 10
_ _ETURN ........................

END

"3_00 FORTHAN DIAGNC5{|C _ESULTS " FOR F|O

/ /(2.1.O)/tRT5)

_!_i̧

©

@

©

- 59 '-'



0

0

0

0

,_-

©

C

3200 _UR;_AN (2,$.O}/IXTb) t /

7 23=(_P_I*e2/(bPSIJ**2))I(t4,*SXI)/SPSIJ) ,_
............................................. _I_ (Z3-_00,)_,9,8 . _

........... GO lu I0 . ._
9' Z4=E_P(-Z_) ' " _"

1O_L"_iE[-ETRT(SPSdAR,SASE,_A_,40,2,$PjL) - . _
, • _.

bOT" 6 __

4 ZI=((-(SPS[**2)-(SF_E&R**2*$pSIJ**2)+2.*S_SI*Sp$|d

I"5PSB_)/(4.-SWI-SPSIJ}) ,_.._"

11
12

13

6

.................. END

IF(Zl*700.)13,13,12

Z2=EXP(Z1)

_OTu 14 ............................
12=0.

EMmSUHI((2.*3.1415926_*$PSI*SPSBA_)/(2,*SX[})

5FDOr=(Z2*SPOL*SPSB_}/_M

HETuHN

................. 3200 _ORYRANbiIGNC-Sli-C-RESUL'I-S-;" FUR-- MIIN% ..........................

.NO EXRORS

............................ #

I
I
I
I
!



3200 FOR;_AN (2.1.0)/4HT_) / /

........... _U_R;;U11NE POLVAL{AAG,A,_Y,PPSBAR_

C AAO i,_ IHI.- CONSTANI VALUt- OF IHI: _'OLV"JOM|AL

- - 'C..... AA IS IHE: A(1}...A(20} C'_E:Fr'ICIENTS ........

t'., C YY Ib (HE VALUE OF IFt:: POLYNOMIAL A= "F_IBAR

_'y=AAO-((((((((((((((((((((A(20)._p_HAR÷A(_.9))*ppbBAR$

"" ...... I A ( 18 ) } *PFSBAR"_ (i? ) )* P";SBAR.,,A (16) ) *,-_-_,8AR..A (1!)) )* --

;_FfaSHAR,,.A (_.4) ) *PPSHAN* A ( 13 ) ) tpPSBAN_.A ( 12 ) ) *

.............. _PSBAR',A{IiI)*PPgHAk'Jg-(IO))eP_SBA_.A(9)-)* ................ --; --
('_ 4FPSBAR_,A (8)),m'PPbBAR'6A ( 7 ) ) *PPSH AR_.A ( b ) ) •

6FPSBAHsA(2))*PPSBAR*A(I))ePPSBAR)

END ""

3200 FORTRAN DIkGNCSI|C RESULIS - FOR POLVAI.

O

O

_0 ERROR'3 ........................................

©

©

c., • -li
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...............

3200 _R_XAN (2.1.0}/|_T_) / /

0 " " _U_OUTINE &CALI(_COF,_R.&AACON,T_,_,AAAHOTwhSN&X _) .....

[JM_SJUN AAA_O_(b,20,_),AAANOT(b,2) /
IF (_T-1000.)1o2.2 ........

L'_ _ Je (_-N_eAX1)ll,22.2_

1AAACU.N(4,N,1)*TI**3*aAAC(}N(9_NJ1)eTI**4) *_R _ _._.._:
.... _0 T'' 3 - . . ........

22 L_OP:(kAAHI_I(I,1)*JAANUT(2,1)eTI*AAA_)T(3,1)*II**_* "

.... IAAAH_JTI4,1)_TT.t3_AAA_UT{5.1)oIIo,4)._ _ .....................

3 CONI|Nu_

_ETU_N

......... 3i CCUP:(AAACON(_,N,2)*JAACON(2.N,2)*TI*AAACuN(3,Ne2_*TI**2*.....................................................................

1AA_CUN(4.N.2IeTTee3*_AACON(_N_2I*TI*e4Ie_R
......... _u To 33 ..........................................................

L'_ _2 CCOP:(AAANOT(1,2)'AAAHuT(2,2)*TT*AAAH01(3,_)*11**_* . -_

0 _turN ......... $ .........................

...... I i I .............................................. :t '

3200 FORTraN UIAGNC_I|C _ESULIS - F_ &CALl

r',) --NOEIWO_ItS .......................... -- ............................

............ _ ............................... - ............................. _ -_ - _ .

(9
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O
3200 FUR_&N {2,1.0)IIHT_) I 1

_,i IF

C_ CALL ALALI(_OP,H,AACCN,TIeN.AAHUT.NS_AX_}

IF _N-N_AX1)I_g,2

1 FUOTI#CUPISMASS(N}

2 FUOTImCOPICNITRN

............... _I:-0NTI_IE .................................

_'_ _ETU_N

................ 3200-F'ORT'RI_ O_G'lg_STT_ -_- FOIT'----_ IN2 ...... 2 .............

0 NO E_ORS i

0
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0

0

0

c_

_URROUT INE At:AL2 (HHUT, _R, AAAHOT, T F, 'J, AAACP, N_NSMAX:_ }

L I_ENSION AAAHOT (6,2), AAACON(6,20,2)

II: (TT-1000.)1,2,2 --
1 K:2

(:0 TO 4

2 _=1

4 IF (_-_5_AXl)_,606 ......

5 I-.HO.T: ( AAAGON( 1, N, K ) • JAAI;.)N( 2, N, K )*T T/_. *AAACON ( 5$ No K) eT aoTT/3.*

IkAACuN( 4, N, K ) _,l ! *t3/4 , sAAACON ( 5 ,N_K ) • _1 et419, ,_

2AAACUN(b,N,K)/TT)*t_el ]

................... GO T(s 7

6 _HOT=(AAAHOT(I,K)_AAAHUT(2_K)oTII2.÷AAAHOI(a,K)OTIOTT/3.*

-I*kAHOI(4,kT*_T**3/4.*AAAHOT(S,K)*rT**4/_.. -- ........................

_AAAHUT(b,K)/TT)*RRelT

• 7 CONT]NuE .......................................

kEIU_N

NO E_RORS

END

-'- 32d)0 rO_AN bI--AGNP.._rIc _IESULI:S --:.+r ji_ ACAL2

"h

_ i!

I
I
I
I

I •

I
I
I
I
I
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3ZO0

0 .................... _UeROU£tNe CAL(XZ,IN_WER_

ANSMER =2.*Xl/.00075

END

F_H_AN (2,1.0)/[RT5) / f

3200 FORI_AN DIAGNCSIIC RESULTS - _OH CAL

---n0-_01_$---- .......................................

............................. _ ...........

0

C_

' - ................... .........................................................................
m

0

C_

o
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0

0

0

C

3200

fUNCTION FACT{If

EETE_M|NE$ N-FACTORIJL Ft]H NN

IF(I-1}I,I,2 --

1 FACT=$.

h_-_To_N

2 FkCT=I.
...... CO 3 J=2;[ ........................

FJ1d

.... _ F_CT=F_CT_rJ .....................

RETURN
E_D

FORIH&N (2,I,0)IIMT_) / I

....... ,. 3200 _ORI_A_ _|A-_--_-|_-_SOL_----g'-:-_0_----FAci ............

NO EHRURS ',

©

O

O

N

...................................................

0

i
I
I
I
I
I

..................

0

.........



i
I
I
I
I
I

0
3200 FOR,_AN (2,I.0)/INT_) / t

C) SUBR_UTINE _UNKUT(kE_,_S_},H,X_F.T,T_,FK,AYeAYP.SUMI_SUM2.INDT) INOUOU30

C NUNKUT_HUN_E KuTIA INIE_HATION iNOUOU_O

0 CIMEN_I_N SUML(I_O),FK(IO0) lJ_OUOUbU

C ..... TgIS-I_TEGRATE_ _E_'q]'o--/ITT_:P:J_3Ti_i_--_E SE_ONC O_bE_, .... JNOUOUbg =_

C _ 15 l_¢ STEP SIZE,X THE tNOEPENDbNI vANIABLE. THE gEPE_DENI INOUOUIU

...... C -- _ARIABLES ARE STORED IN-Y IND YP;SECO,_D-O_DER EOUAIICNS r|N_I. JNOuOueU

C F IS THE VALUE or IHE FUNCTION (FIRS! ON 5ECON_ DENIVAT|vE. INOUOUgU

........ _ .........AUXILIART STDRAGE-PUST BEFURNISI_ED, FK{NEO),A¥(NEQI,kY_(NEQ), - INOO010O

C 5UMI(NSO),SUM2(NEQ). SUBROUTINE lb CALLED rOUH TIME_ wliM VALoEb INOUOIIU

C _F X.T,TP_F bUBRUbTINt:: _URNIbHk5 VALUES O_-X/T,TP_ INDT _S ...... INO0g12_

0

0

0

0

©

C CUUNIE_ (1.2,3 UR 4). _UUHUUT|NE _TO_ES NU ESSENTIAL |N_D_AIlON

" C INTERNALLY .............................

IF (INUt'_) 1._._

......... I" W=_.H/2.
ALl=HI2.

at2=O.
_L3=.5

- aL4=t,

LO 6 I:loNE_

_ _ _y{i;=?{I}
&YPt I):YP(|)

_u_l_I T_O,
SUM2(|)=O.

.......... _O T_ 7

ALl=H/2.

"_L3=._

E0 To l

3 X:X*H/_.

............ _Li=H

JL_=H/2.

_rt..3=l,

_L4=2,

....... 7 _0 8 I_I,NEO
IF (1 -hSO] _,9,10

........... ig. X(1)_A_{I),ALI*ATP(I)_L2_FK{I] -=

_UMt(I)=SUMI(| )*FK(])

_O TU 11

10 rK(l)=_*_tl)

............ Y(1):AY(I}-_L3*FK(I} .....

SUM2(II=SUM2III**L:eFK(l)

-L"DI_I"INLFE

__ _EIUHN

..... !_ CO $2 I_I.NEg .FK(I)=NeF (|)

........... _: $UMZ(I}=(SUM2{I)*FR{I})I5; ...................

iF {i-NSU) 13.%_.%4

......... 13 Y{I)_T[I)*HeAYP(I)*P * bJMl(l)Ib.

YP(|)a_YP(I)*_UM2(|)

• GO TO 12 ...........

1_ Y(I)=AY(I)*SUM2(I_t
4 .............

_ETuNN }:

re'N1)"

NOU014U

NOU014U

NOUOZ_U

NOUU_U

NOUOZIU.

1,000180_

NOUO19U

_OUO_OU

_OUO_IO

._OUO_RU

_OUU_3U

_OUU(¢U

KOUO¢_U

NOUO_60

NOUO_IO

NOUO_U

NOUO_gO

I_0O0300

[hOUOO_U

Ik0OO_Zg - -

INOUO_3U

INOUO_AU
l_OUO_U

INOOO36g ....

INOUO_/O
lhOOO3BO

iNOUOJVQ

|hOO0400 -

INOUO_IU

lh0UO_3g
INOUO_40

INO_D4bU

INOuO_6O ......

INOU0_/Q

]K000480_

INOUOeVU
INOO0_OO - '

INO_O_IO

INOuO_eO .....
INOUO_3O

INOOO_&O_

INOUO_O

IhO00_60

ihOOO_/O
INOOO}8O

INOU0)¥O

_NbOUOOO

I. UNTNkN D_TA_NI_Sf IL," _ESULI5 -_T'-O_ l_N1(bT .....................

............._._
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3200 FoR_AN (2,1.0}/4_T5} / /

SUHROUTIN_ LINT(A_G,_Xe_PT,]P;T]-_ ............

LAG_kNIiE JNIENPOLkT|CN,2,3a4w5 P01NJ
_ ]P ]5 DEGRFE OF ]NTE_FOLkT]ON .................................

hPT 15 NUMBER OF PC]kT5 GIVEN IN iABLE

[]I_I_N510_ X(2),Y(2)

I=&NG
............... 1=1 ............................................

20 IF(T-I(I))40,_,30.

2_ ....._l,V{l}

GO TO 400

ao--l=l.1 ................

IF(I-N_I)20,20.35

-_t'sS" 1=_PT ......

40 , _U TU (40,5_,60,60,60),l _

C "- 2 POINT INTERPOLATIOt ...........

95 IF(l-llbB,S6,_7

i

IO ........
C

O c

O

0 "

0

0

_7 _ CONTINUE

........ C01:{T.XJIIII(I(I.1}oX(lI7 ..............................................

_.,r vzl 1))/(X(II-X([-II)

................. ,Iz_OI*¥{I-I}_:O2*T{I} ...............

0 _0 To 400

0

0

6O

95

110

............ 1TO

lq:)
C

0 ..........zoo

IFIl:1";_Z)95;g5";'J-I_

l=l*l

60 TO 60 • ; ................................

IF(I*l-NPT)14_,14b,140

GO TO 110

13"-O-TO-T'L_5,1_,lOO.gOO._OOI;IP

3 POINt INTERPOLAIIOk

Cl_x(l-ll

C2=X_I)

................ 7- .........................................

............. C3=X(]+i) ........... ".......... __ ...............

0 CU1=(41-_2)*(I-C3))/(¢CI-C2)*(C1-C3))

C03:((I-Lt)e(T'G2))/((C3-Ct)*{C3°C2))

.............. vI=COtt_(I.11_COZ.--_[II.U,,,_d,¥(_IT ......................... , ........

_O To 400
.......... _-- _ POINT I_TE_FOI._TIOIV .................... : ...........................

200 Cl=x(l-2) -

_Z_XTT=73
C3=x(l)

O ....... C4wX(I_I_ , ..... , ................
gl=gl-t,2

..... _2eC1.C3 ..........................................

0 C3=C1-C4

0 ............ r6tC3*C_
TI=T-C2

TWET;_"_ ' '

LU_=(TltT2*I3)I(Dt*D2eU3)

_') .... C02=-(T_*T2*T3]/KDl*_4*DS} .......

C03=(14*ll*13)/(O2*O4*Ob)

........... COZ=-(T_*TI'IVTZII(D3*CS*D5_ ..................................... "
_I=C_)I*Y(I-2)*CU2*_(I-1)*C0a*Y(I)*CO4*Y(I+I)

_T_ _00 ....

C 5 POINT INTERPOLATIgk
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0

O

0

0

0

©

r_

O

500 LZ=xil'3)

c2=x(]-2)

C3=x(l-t) "

c4=x(l)

CS=x(I*I)

[I=CI-C2

L3=C1-C4

........... t4=CZ'L5 ..........

LS=C_-U3

.............; ..... t6=C2-L4

Le=C3"E_ =

E9=C3"C_

L10=_4-C5

I1=I-C_

............... _2=t_C3 .............

13=1-C4

T4=I-C5

............ COI=(II*i2*i3*I4)I(Dl&U2*U3-D4) ............ -I-.............................

CU_m-(i_*I2*T_*I4)/(El*UbeD6*D7)

..... C03=(_5o_!._3*?_)/(ij_,u_obn.DO) ...........................

CO4=-(l_eTleT2el4l/(E3*O6eOS*O10}

C09=(lbtTI*I2tT3I/(D4*UT.-'_'Vb-_tO)

YIzCOI*Y(I'3)*CO2*Y(I'2)*CO3"Y(|-I)*
.......... ICO4t¥{I)*-E'05*¥{I*l) ............................ T...................... :........

400 _ETuRN

............. END ..... 7.......................................................... •......................

320g fUHTRAN OIAGNCSI|C RESULTS - FOH LINI

NO ERRURS

ii!_i

i

0 i'

0

0

O ..... . ,"

............................................... . .

III I liB I In I I I me I I 1-- .... -J- ..... ji ,!.,, ,. -
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. _] _,TTABLE I - INITIAL CO,_DITIO_,,S FOR THREE-STREAM MIXING

Physical Property

Temperature, °K

Pressure, dTne/cm 2

Density, gm/cm 3

Speed, cm/sec

Enthalpy, cai/gm

Mass Fractions

CH
2

Co 2

CH20

Cc

CC 0

Cco 2

CCH 4

CN 2

Jet Exit

2751.5

8.9149 x 105

9.10712 x 10 -5

LOCATION

Tur--b-fne

Exhaust Exit

830.0

8.9149 x i0 5

1.17099 x 10 -4

Free Stream

281.1

8.9149 x 105

1.1005 x i0-

293,126.1

73.38

O. 04377

O.O

0.02246

O.O

0.00428

0.93267

0.0

0.0

0 16558

n 0

0 0

0 10093

O 0

0 67101

0 96249

0 0

9,144.0

125.34

0.0

0.233

0.0

0.0

0.0

0.0

0.0

0.767

4%t
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